Abstract. The exact symmetry induced by the global shift of energy scale for the cosmological constant in the action of matter fields is spontaneously broken by setting the density of real vacuum energy and explicitly broken by the gravity that means the existence of NambuGoldstone boson, which transforms into the pseudo-Goldstone boson due to the gravity. We identify this boson with the inflaton in the Einstein frame of action for the fields, while the breaking is induced by a non-minimal interaction of boson with the scalar curvature in the Jordan frame. The role of Galilean symmetry of field equation is emphasized in the procedure of fixing some terms in the bare action.
Introduction and the exact global symmetry
If the gravity is switched off, then the physics is indifferent with respect to an absolute value of vacuum energy density ρ Λ = Λ 4 , and the global shift of scale Λ → Λ + Λ c conserves nongravitational forces, since it corresponds to the choice of minimal-energy prescription or its renormalization, which is irrelevant to the dynamics as constrained by interactions excepting the gravity. Therefore, the non-gravitational action incorporates the global shift symmetry of cosmological constant associated with the vacuum energy-density 1 ,
(1.1)
However, in the real world the density of vacuum energy is not arbitrary, it is definite, hence, the global symmetry of non-gravitational forces is spontaneously broken, since the laws of nongravitational dynamics are not changed under this fixing of cosmological constant 2 . Then, the Goldstone theorem [4, 5] states that the global parameter of continuous symmetry transforms into the local massless field φ(x), the Nambu-Goldstone boson, interacting with other fields and conserving the symmetry of action under the global shift symmetry
where u is the dimensionless parameter of global symmetry, while f G is the dimensional constant of energy. The value of f G is fixed by setting the canonical expression for the Lagrangian of free field φ:
The interaction of such Goldstone boson with the matter can include derivative terms, for instance 3 ,
where j µ is a vector current, which should be bilinear in the matter fields at least, T µν is a symmetric tensor, which should be linear in the matter fields at least, and so on. The global symmetry (1.2) generates the Noether current in the Minkowski space-time
This current is conserved in the case of absence of gravity, of course. Moreover, the conservation law ∂ µ K µ = 0 coincides with the field equation for φ. It is important that in the absence of sources (j = T = 0) or at b e = b T = 0 there is the solution linear in coordinates
which conserves the translational invariance of Minkowski space-time, since the global translation 
Moreover, expression (1.5) corresponds to the classical background for the field of massless quanta for φ. In addition, the expansion over symmetric tensors in (1.3) should be truncated by the shown tensor of second rank, since the absolute conservation laws of real word point to that j µ is the electric current, while T µν is the energy-momentum tensor 5 , and we have not get any other conserved symmetric tensors. Then, a non-zero global charge appears at k 2 > 0, when in the system k µ = (k 0 , 0) it can be easily calculated, while the boson action with (1.5) is reduced to the following:
where E is the energy of sources in the whole volume V and Q is their electric charge in the same volume. For the vacuum Q = 0, E = ρ Λ V and we get the global shift for the density of vacuum energy:
The sense of solution (1.5) at k 2 > 0 is clear in the inertial system wherein k µ = (k 0 , 0): at the trivial potential the field of Goldstone boson can move in space homogeneously and isotropically at a constant velocity even when the boson interacts with the conserved sources. Cases of k 2 = 0 and k 2 < 0 break the mentioned homogeneity and isotropy of space.
For the free Goldstone boson, its energy-momentum tensor under (1.5) takes the form
that yields the pressure equal to the energy density
. Such the equation of state gives the "stiff matter". The interactions significantly change the value of parameter w = p/ρ, of course.
Let us emphasize that solution (1.5) can be interpreted as the introduction of symmetry for the field equations in the form
which has been called the "galilean" invariance [6, 7] . The corresponding scalar field possessing the symmetry of (1.7) of its field equations is referred as the Galileon and it is considered in the gravity modification involving the scalar degree of freedom, so that it can incorporate some higher derivative terms of the field in its action, but the field equations remain the second order equations due to the specified symmetric form of action. In this way, the symmetry permits three higher derivative terms in the action with fixed structures [6] . In addition, by construction the Galileon postulates the decoupling limit: it interacts with the matter only, in the form of contact term of the field with the trace of energy-momentum tensor. We will see that both features of Galileon, i.e. the higher derivative action terms and decoupling from the gravity, are beyond the scope of current study. Thus, we treat the Galilean symmetry of field equation in the very different aspect, whereas the global shift symmetry is broken due to the coupling to the gravity, while the higher derivative terms of self-action are not involved. A study of comparison and connection of our model with the Galileon, especially with the cosmology due to the Galileon [8] , will be given elsewhere. However, we emphasize that the Galilean symmetry makes our further constructions to be uniquely definite, since it restricts opportunities in choice of interaction terms.
Couplings and symmetry breaking
Coupling constants b e,T determine the strengthes of interactions. Note that global field possesses zero interactions. Moreover, the term with b e does not influences the equations of motion. Nevertheless, due to the dimensional analysis it can be represented as the quantity proportional to an inverse scale of energy,
so that M sets the scale of dimensional expansion for the interaction operators, hence,
The gravity does not influence the conservation laws (1.6), but it breaks down the global symmetry (1.2). The minimal way of gravitational interaction with the matter conserves the global symmetry of boson vertices. Therefore, we expect that the gravity has to involve non-minimal terms in order to break down the global symmetry.
Suggest that the symmetry is restored in the limit of zero scalar curvature, R → 0. In the simplest case the interaction of φ with the gravity is induced by the Lagrangian linear in both the curvature and field, that explicitly breaks the global symmetry 6 ,
because the shift introduces the finite renormalization of gravitation action itself 7 :
Such the breaking could be called "natural", since the only effect it causes is the change of gravity strength.
Switching on the gravity involves a new symmetric interaction in the form
due to Bianchi identity ∇ µ R µν − 1 2 g µν R ≡ 0. The coupling constant b G scales as
Taking into account Einstein equations
we expect that the terms of interaction with the energy-momentum tensor and Ricci tensor should be of the same order, that means b T ∼ b G and M 2 ∼ 1 in Planckian units. Thus, the scale M in the effective expansion over the derivative operators is of the order of Planck mass.
Further, gravitational loop-corrections generate the potential starting at the quadratic term 8 in the mass m, which is linear in constant b ξ ,
In the leading approximation of potential (2.2) and in the case of no sources (j = T = 0) or at b e = b T = b G = 0 the field equation reads off
resulting in
that represents the ordinary expression for the pseudo-Goldstone boson and it satisfies the limit of exact global symmetry
Matching to the inflaton
The breaking term corresponds to the scalar field with the non-minimal interaction with the gravity and it sets the action in the Jordan frame of fields in the action. It is well known that the transition to the Einstein frame takes place by the following conformal substitution of metric:
that results in the action
with the effective potential
The kinetic term can take the canonical form under the appropriate transformation of scalar field φ → χ, that deduces the ordinary gravity with the scalar field. Moreover, the leading quadratic approximation for the potential produces the flat potential V E at φ → ∞. Then, we arrive to the inflaton relevant to the real evolution of early Universe [9] [10] [11] [12] . At strong coupling b ξ 1 the model tends to the Starobinsky inflation [13, 14] due to the attractor in the space of cosmological parameters [15] [16] [17] relevant to the PLANCK observations [18] . Sub-leading terms of potential could break the attractor conditions, that would be relevant to the recent search for a valuable amplitude of relict gravitational waves, which were induced by the Universe inflation, if the foreground polarization generated by the dust is suppressed in a region of detection. At present, the enforced amplitude of B-mode of cosmic microwave background radiation detected by BICEP2 [19] corresponds to such the secondary foreground produced by the measured dust distribution as the Planck collaboration has reported in [20] .
Discussion
Note that at the inflation stage of Universe expansion the only non-zero component of ∂ µ φ is a constant temporal component ∂ 0 φ ≈ const., and the interactions of inflaton with the energy-momentum tensor, Ricci tensor and electric current are inessential and they can be neglected, because there are no transformation of energy from the inflaton to the matter, gravity and charges. In contrast, just after the inflation ∂ µ φ become time-dependent and they constitute sources for the matter production due to the coupling to T µν (i.e. the reheating of early Universe at b T = 0) and for the direct generation of gravitational waves due to the coupling to the Ricci tensor R µν (the mechanism of gravitational enhancement at b G = 0). Then, the inhomogeneity of φ caused by its quantum fluctuations copies itself in the primary inhomogeneity of matter distribution and relict gravitational waves.
Next, the coupling of inflaton to the electric current, b e , could be essential for the generation of baryon asymmetry of Universe, if the matter interactions involve appropriate transitions with photons, like, for instance, non-symmetric p → e + π 0 γ or relevant processes with neutrinos and charged leptons. In this way, Sakharov's conditions [21] are satisfied, since the inflaton evolution is not thermal and it breaks the thermodynamical equilibrium, while the inhomogeneous inflaton becomes the source for processes with the broken both CPinvariance and conservation of baryon number in the matter sector of action. In this respect, a mechanism introducing the scalar gauge field could be actual as considered in [22] .
Thus, in the offered mechanism of explicit gravitational breaking of global shift symmetry for the scale of cosmological constant the pseudo-Goldstone nature of inflaton provides us with the reasonable way to describe the actual inflation of early Universe.
Finally, we have to mention that SUSY models usually treat the inflaton as the scalar flat direction of Kähler potential that corresponds to the global shift symmetry, while the superpotential and explicit terms of SUSY breaking generate a non-trivial potential of inflaton [23, 24] . In this way, the inflaton is the pseudo-Goldstone boson, too, but the mechanism is evidently different from the approach considered in this paper.
In addition, the scenario of "natural inflation" [25] ascribes the axion as the inflaton. In this way, the axion is considered as the pseudo-Goldstone boson. Again, we see the treatment, which is very different in its inherent origin.
In fact, both alternative schemes of global symmetry breaking mentioned above are in action even in the case, when the gravity is switched off and the Minkowski space-time is considered, in contrast to our model, which is based on the crucial role of gravity in the symmetry breaking. We think that the global shift symmetry of cosmological constant scale is more relevant to the inflaton dynamics.
We will calculate an effective potential for the inflaton as induced by one-loop corrections due to the bare non-minimal contact term of action, elsewhere.
